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A three-frequency audiogram for use in industry
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ABSTRACT Some form of audiometric screening forms part of any comprehensive hearing conser-
vation programme, but because of the large numbers of workers exposed to noise, it is suggested
that routine audiometry using an 8-frequency test preceded by history and examination makes
undue demands on limited resources. It is proposed that a simple 3-frequency test without prior
preparation of subjects is adequate for the purposes of industrial audiometry. Men whose hearing
threshold was worse than 20 dB at 1, 2, or 4 kHz were considered to have failed the 3-frequency
test and 150 such cases were randomly selected and subjected to a full 8-frequency audiogram.
The results were then assessed for numerical accuracy and diagnostic reliability. The results of the
3-frequency test were marginally worse than the 8-frequency audiogram by 2-33 to 4-98 dB, and
the comparison of the two tests as a diagnostic tool gave a concordance rate of 79%-80%
(p = 0.00001) between the two physicians who examined the results and a level of interpersonal
agreement of 87% for the 3-frequency test and 89% for the full audiogram. If audiometric
screening is to be offered to the whole population at risk it should be simple, rapid, and accurate
enough to detect hearing loss before disability develops so that those individuals may be counsel-
led. It is suggested that the 3-frequency test fulfils this purpose, demonstrates the "reasonably
practicable" approach of recent legislation, and does not unnecessarily divert resources from
other key tasks in the practice of occupational medicine.

A large number of workers are exposed to noise
levels at work sufficient to cause some degree of
noise induced hearing loss. It is estimated that 05m
workers are exposed to noise levels of 90 dB(A) or
more in the UK,' and the estimate by the Commis-
sion of European Communities, based on an expos-
ure level of 85 dB(A), is between 10 and 15m
within its member states.2 After considerable debate
in the early 1970s,34 it is now generally accepted
that some form of audiometry is integral to any
comprehensive hearing conservation programme.
Where there are references to audiometry in indus-
try, the recommendations are all based on
8-frequency pure tone testing of each ear preceded
by a noise free interval, an occupational and medical
history, and an otoscopic examination.5
The benefits of audiometry in the prevention of

noise induced hearing loss are not as clear cut as the
reduction of noise at source or the use of personal
protection. Nevertheless, at least two discernible
advantages can be recognised. Firstly, noise induced
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hearing loss can be diagnosed from the audiometric
trace, often before the individual has sustained any
perceptible deficit. At this stage the individual can
be counselled regarding the prevention of further
auditory damage. Secondly, the results of periodic
audiometry can be used to monitor the effectiveness
of a hearing conservation programme, both for the
individual and the group.
The increased demand for the inclusion of

audiometry (in accordance with the recommended
test procedure5) with other hearing protection
measures' has resulted in a rigid, complex
methodology. We do not believe that this level of
sophistication is necessary for audiometric screening
in industry to achieve its two objectives. Because of
the resources required to perform audiometry in its
suggested form, the availability of the test may of
necessity be limited to certain groups within the
total population at risk.

In 1970 the Royal Air Force introduced a large
scale audiometric screening programme using a
3-frequency test procedure. The results were sum-
marised by King in 1978.6 Men whose hearing loss
exceeded 20 dB at 1 kHz, 20 dB at 2 kHz, and
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30 dB at 4 kHz were referred for further assess-
ment. The fact that referrals fell from almost 9% in
1970 to just over 2% in 1976 and that there was "an
annual yield of aurally disabled in the region of 2 per
1000 screened" indicates that this type of monitor-
ing may be more appropriate to industry than the
currently recommended procedure.

This paper presents a simple 3-frequency test
based on the one used by the Royal Air Force and
critically examines its accuracy and diagnostic value
in comparison with an 8-frequency test. For the
purposes of this comparison it is assumed that the
8-frequency test provides the best possible informa-
tion on hearing status available to an occupational
health service.

Materials and methods

The 3-frequency test is performed by the
Hughson-Westlake method7 using a manual
audiometer in an acoustic environment that meets
the requirements laid down in the Health and Safety
Executive's discussion document Audiometry in
Industry.5 To minimise time away from the job, the
test is administered as close as possible to the work-
place. The hearing threshold of the worker is meas-
ured at 1, 2, and 4 kHz in the left and then the right
ear. There is no prior preparation in terms of a noise
free period, the taking of a history, or an otoscopic
examination. Any individual whose hearing
threshold is equal to, or better than, 20 dB at all
three frequencies in each ear returns to work. Those
with a threshold worse than 20 dB at one or more
frequencies have an otoscopic examination by the
nurse performing the audiometry. If wax occludes
the auditory canal, arrangements are made for its
removal and for retesting of the hearing threshold.
Those who have a persistent loss of more than 20 dB
at any frequency are referred for counselling.
To evaluate the accuracy of the 3-frequency test a

random sample of 150 men who failed the referral
criteria on the initial test subsequently underwent an
8-frequency audiogram in an acoustic booth using a
Bekesy automatic audiometer. The results of the
3-frequency test were then compared with those of
the 8-frequency audiogram to determine the level of
numerical accuracy of the 3-frequency test.
To evaluate the 3-frequency test as a diagnostic

investigation, a diagnosis was assigned for each ear
on the results obtained both for this test and the
8-frequency test without reference to history or
examination. We interpreted the results by using a
double blind crossover approach and ascertained the
level of intrapersonal agreement in interpretation of
the 3 and 8-frequency tests. In addition, we estab-
lished the level of interpersonal agreement in
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No of readings 300
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Mean difference .4-98 dB
Variance 68-91 dB
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Fig 1 Difference between 3-frequency and 8-frequency
audiograms at 1 kHz.

interpretation of both tests.

Results

The difference between the 3-frequency and
8-frequency audiograms is normally distributed at
each of the frequencies examined (figs 1-3). Also, at
each frequency, the 3-frequency tests are on average
worse by between 2-33 to 4-98 dB. This therefore
represents a hearing threshold marginally worse
than the level represented by the 8-frequency
audiogram (table 1).
The standard deviation of the difference at 1 kHz

is noticeably greater than at 2 or 4 kHz reflecting a
wider spread of results. Further analysis of the
1 kHz results, dividing values for the left and right
ear (figs 4 and 5), shows the results for the right ear
to be similar to the overall results for 2 and 4 kHz
(table 2). We believe that the wider variation in
results for 1 kHz in the left ear is related to a learn-
ing effect since this is the first frequency tested. This
should be eliminated by taking readings at 1, 2, and
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Fig 2 Difference between 3-frequency and 8-frequency
audiograms at 2 kHz.

 on M
ay 26, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
B

r J Ind M
ed: first published as 10.1136/oem

.41.3.401 on 1 A
ugust 1984. D

ow
nloaded from

 

http://oem.bmj.com/


A three-frequency audiogram for use in industry

Table 1 Accuracy of3-frequency audiogram compared with 8-frequency audiogram

Frequency
I khz 2 kHz 4 kHz

No of readings 300 300 300
Mean difference dB (3-frequency minus 8-frequency) +4-98 +4-93 +2-33
Stanuard deviation dB (3-frequency minus 8frequency) 8-30 7-44 7-69
Probable percentage of 3-frequency results that will actually
exceed 30 dB at the referral level of 20 dB (from normal
distribution probability tables) 3-59% 2-22% 5-48%

Table 2 Analysis ofdifference between 3-frequency and 8-frequency tests at I kHz

Both ears Left ear Right ear

No of readings 300 150 150
Mean difference dB (3-frequency minus 8-frequency) +498 +6-33 +3-68
Standard deviation dB (3-frequency minus 8-frequency) 8-30 8-37 7-48

No of re
Range c
Mean di
Varianc
Standar

eadings 300
of difference -25 dB to .35 dB
lifference * 2.33 dB
e 59-21 dB
rd deviation 7.69 dB

I
i

Table 3

Evaluation of diagnostic potential of3-frequency audio'ram
Physician A Physician B

Percentage agreement between diagnosis
from 3-frequency test versus
8-frequency test 79% 80%
Concurrence ofphysicians on interpretadon ofaudiograms

3-frequency 8-frequency

IK-
-40-35-30-25-20-15-10-5 0 5 10 15 20 25 30 35

Difference 1dB)

Fig 3 Difference between 3-frequency and 8-frequency
audiograms at 4 kHz.

Percentage agreement between both
physicians on diagnosis from
audiograms alone 87% 89%

4 kHz (in the left ear) followed by a repeat at 1 kHz.
The second value at 1 kHz should be recorded as the
true value.
The comparison of the 3-frequency test with the

8-frequency audiogram as a diagnostic tool in
determining the cause of deafness gave a concor-
dance rate of 79% and 80% (p = 0.00001) for the
two physicians who examined the results. The level
of interpersonal agreement on the diagnosis was
87% for the 3-frequency test and 89% for the
8-frequency test (table 3).
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Fig 4 Difference between 3-frequency and 8-frequency
audiograms for left ear at I kHz.
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Range of difference -20 dB to # 25 dB
Mean difference . 3.63 dB
Variance 55-96 dB
Standard deviation 7.48 dB
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Fig 5 Difference between 3-frequency and 8-frequency
audiograms for right ear at I kHz.
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Discussion

In common with many investigations the use of the'
audiogram in the diagnosis of hearing loss involves a
process of pattern recognition. The nature of this
process is such that the larger the number of
"points" making up the shape of the pattern, the
greater will be the resolution of its shape and hence
the accuracy in diagnosis. Equally, in the formation
of a pattern a minimum number of "points" will be
necessary, below which the shape of the pattern will
be inadequate to formulate a diagnosis. We suggest
that the minimum number of points for industrial
audiometry is three, and this is supported by the
diagnostic accuracy of the 3-frequency test. We con-
sider that this level of diagnostic accuracy is adequ-
ate for the purposes of an audiometric screening
procedure in industry.

Selection of 1, 2, and 4 kHz as the three frequen-
cies for testing is based on the requirement of indus-
trial audiometry to detect hearing loss and divide it
into three broad entities: noise-induced hearing loss,
conductive loss, and, of lesser importance, the
higher frequency loss due to presbyacusis. These
frequencies provide the best pattern from which to
differentiate conductive deafness and noise induced
hearing loss as shown by the data contained in table
3. In addition, this choice of frequencies also pro-
vides limited information about the effect on speech
frequencies.
The 4 kHz "notch" while not pathognomonic of

noise induced damage is generally accepted as indi-
cative of early loss although there may be individual
deviations with dips at 3 or 6 kHz.8 In our series the
mean hearing loss in those individuals considered to
have noise induced loss was almost identical for 4
and 6 kHz (table 4). We would contend that 6 kHz
is more likely to be affected by presbyacusis, and
thus the use of the 4 kHz frequency gives a more
accurate assessment of noise induced loss.
Measurement of the loss at 3 kHz has been omit-

ted from the test since the primary aim is to establish
a pattern from which to obtain diagnostic informa-
tion rather than the secondary purpose of obtaining
information about speech frequencies. From table 4,
however, it can be seen that the mean loss at 3 kHz

Table 4 Mean hearing loss at each frequency for 108
individuals who were considered to have noise-induced
hearing loss

Frequency Mean loss

2 kHz 15-72 dB
3 kHz 31-09 dB
4kHz 41-32dB
6 kHz 42-73 dB

Sinclair and Smith

does in fact lie between that at 2 kHz and 4 kHz.
BS 5330 defines the threshold of social handicap

as an average loss of 30 dB over 1, 2, and 3 kHz.9
Although a direct comparison with the 3-frequency
test cannot be made, it is of interest to note the basis
on which 20 dB loss at 1, 2, and 4 kHz was selected
as the level below which the individual is referred
for further assessment. At this level the probable
percentage of individuals whose true hearing
threshold is greater than 30 dB is 3-59%, 2-22%,
and 5-48% at 1, 2, and 4 kHz respectively (table 1).
An audiometric screening programme is no dif-

ferent from any other large scale screening prog-
ramme in industry which should be offered to the
whole population at risk. It should aim to separate
the normal from the abnormal and the latter should
then proceed to further assessment. The objective
must include the detection of hearing loss before
disability develops in order to counsel affected indi-
viduals. We have shown that in terms of numerical
accuracy the 3-frequency test compares favourably
with the 8-frequency audiogram. Indeed, reassess-
ment of hearing loss for the purposes of prescription
under the Industrial Injuries Scheme'" has high-
lighted several major anomalies and casts doubt on
the accuracy of 8-frequency audiometry under sup-
posedly ideal conditions.'2 Absolute accuracy is
therefore difficult to achieve and is in fact not neces-
sary to attain the objectives of an industrial screen-
ing programme. We suggest that the level of accu-
racy of the 3-frequency test is adequate for this pur-
pose.

In this paper we have considered the audiogram
as an isolated test. In practice, however, in order to
formulate a diagnosis an investigation is considered
in the context of a history and examination. This is
applied to the 3-frequency test after the initial
screen, when the individuals who fail on the referral
criteria attend for assessment and counselling. The
advantage of this is that time is saved where indi-
viduals with normal hearing would otherwise by sub-
ject to history taking and examination. When used
in conjunction with a history and examination the
3-frequency test will undoubtedly achieve a higher
quality than we have obtained in isolation, and it will
provide adequate information to the industrial
audiologist.

In conclusion, while we would not pretend that
the 3-frequency audiogram is as numerically or
diagnostically accurate as more complex and time
consuming methods, it does provide an adequate
realistic alternative. It demonstrates the "reasonably
practicable" approach that is a keynote of recent
health and safety legislations and does not
unnecesarily divert medical resources from other
key tasks in the practice of occupational medicine.
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Appendix

The 3-frequency test has been applied to an indus-
trial population of 3500 men exposed to noise
levels ranging from 75 dB(A) Leq to 98 dB(A) Leq.
Of this group, about 50% passed the 3-frequency
test and the remainder proceeded to individual
counselling.
From this extensive practical experience of the

3-frequency test and by performing the 8-frequency
test in accordance with the procedure recommended
in Audiometry in Industry,5 an estimate of medical
man-hours required for each technique may be
made. The following example is based on a test
population of 100 men and the man-hours refer to
medical/nursing time only. No account is taken of
the subjects' time away from work and consequent
loss of production time.

Full audiometry* Man-hours
Completion of questionnaire and otoscopic
examination (15 minutes/subject) 25
Removal of impacted wax in 6% of cases 2
Performance of audiogram (15 minutes/
subject) 25
Categorisation of results (6 minutes/
audiogram) 10
Counselling of categories three and four
cases (15 minutes/subject: 50 subjects) 121/2

Total: 741/2

*In accordance with appendix 4 Audiometry in
Industry.

405

Three-frequency test Man-hours
Performance of test (6 minutes/subject) 10
Counselling (15 minutes/subject:
50 subjects) 12½/2
Including removal of wax in 6% of cases 1
Full audiometry in 20% of cases 21/2

Total 26
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